Abstract: According to the previsions of Paris Agreement 2015, several Green Strategies (GS) can be implemented to control and reduce the GHG emissions due to the building sector and construction industries. The paper presents the first results of a research in progress that aims to evaluate the capability of GS in GHG reduction into the construction industries. In particular, the work, based on LCA methodology, compares different GS applied for the production of a concrete self-locking blocks for outdoor pavement (COP) and underlines the general capability in reducing the GHG emission of the green strategies applied.
Introduction
Producing about 50% of total GHG emissions (electricity consumed, transport, production of building materials, etc.), using more than 40% of raw materials and producing over 35% of solid waste, cities and building sector are one of the main causes of GHG emissions and contribute to aggravating the Climate Change (CC) [1, 2] . Among the sectors that mostly contribute to GHG emissions, we find, in particular, the cement production sector, which alone accounts for about 8% of total CO2 emissions [3] .
To reduce the climate change, since the 1990s, the main world countries have signed numerous agreements (Kyoto Protocol, United Nations Framework Convention on Climate Change-UNFCCC, Energy Roadmap 2050 (COM (2011) 885/2, etc.). Among the main measures indicated by these agreements to be adopted at global level to achieve the minimum targets set, we find the reduction of GHGs (Paris 2015 Accord). Re-naturalization and reforestation processes, implementing energy efficiency and reducing consumption, increasing the production of renewable energy, favoring processes based on the circular economy, reuse and recovery, favoring the production of low carbon materials are some of the possible Green Strategies (GS) that have to be adopted [4] . In this framework building material industry can play a fundamental role in the reduction of GHG, by means of GS.
Several research has been conducted to evaluate, specifically, the environmental impact of building materials, applying the methodology of the Life Cycle Assessment (LCA), defined by international standards [5, 6] , which allows to identify the GHG emissions of each production phase for the entire life cycle of a specific product. Applying this methodology, some authors have compared the environmental impact of different building materials [7] [8] [9] ; others have defined improvement scenarios [10, 11] ; others have also analyzed the impact of recycled materials [12, 13] [14]. Alongside these specific works, some authors have provided interesting and comprehensive reviews of the use of LCA compared to building materials [15] .
Thanks to this works, the better understanding of the impact of building material on the natural environment and the identification of possible strategies of improved environmental performance can drive, in fact, the construction sector toward sustainability.
Materials and Methods

Goal and Scope
The research aims to evaluate the impact of the GS applied to the industrial process in terms of GHG emission reduction. In particular, based on the LCA methodology applied to a case study related to the production of a concrete self-locking blocks for outdoor pavement (COP), the research aims to define possible scenarios of intervention on the industrial process, capable of favoring technological innovation and reduction of GHG emissions.
Contest, Materials and Scenarios
The research is limited to the sector of Lazio Region outdoor pavement industry, characterized mainly by a low level of innovation, within which a concrete self-locking blocks pavement is usually produced in a "traditional way", mixing clinker and raw materials (sand and natural aggregate). To investigate the possibility of reduce the GHG emission during the production process, several scenarios will be analyzed and compared:
• HP0: "traditional" production process • HP1: production process improved by the use of recycled aggregates • HP2: production process improved by the use of green transportation camion • HP3: production process improved by the use of renewable energy
General Approach and LCA Methodology
The work will be carried out using the LCA methodology to a typical production process. In particular, the following phases will be defined: identification of the production cycle; identification of the limits of the analysis; data collection; LCA application limited to the production phase; evaluation of the results. The base scenario will then be compared with improvement scenarios (GS). Based on the comparison of these results, the consequences in terms of GHG reduction of the adopted strategies will be defined and discussed.
Approach and Limitation
The LCA was carried out following the international ISO standards [5, 6] , limiting the analysis to the phase of production, without considering product application, use and dismissing phases. This limitation is due to the main goal of the research that is to analyze the impact in terms of GMG reduction of green strategies applied to the material production. A life cycle inventory was compiled for each of the scenarios examined, but since the study is a comparative LCA and the research is in progress, some common processes were omitted.
According to the IPCC GWP impact method, the corresponding Global Warming Potential (GWP) was calculated for the emitted GHG in kilograms of CO2 equivalent (CO2-eq) [16] . The data were collected form the literature review. The functional units (FU) is one square meter of COP. The time horizon of the assessment is limited to 100 years. The LCA has been developed using Ecoinvent dabase.
Product System and System Boundaries
The following unit process were considered (Figure 1 ): raw material profiles from extraction; energy required for processing raw materials; energy for the transportation of the materials to the manufacturing company; COP production process.
Results and Discussion
Several scenarios have been compared using LCA methodology to evaluate the impact of GS in terms of GHG reduction. Table 1 . Shows the data used as input for the LCA, defined as a percentage with respect to the definition of a functional unit of 1 square meter, while Figure 1 shows the various scenarios compared in terms of reduction of GHG emissions, expressed in Kg of C02-Equivalent. Table 1 . The table shows the data used to define the LCA with respect to the different scenarios investigated. In particular, HP0 is the traditional production scenario, HP1 the recycled aggregate scenario, HP2 the green transportation scenario, HP3, the green energy scenario. In HP0, the LCA shows the main impact of Cement Portland production respect to the other factors (gravel, transportation, energy, etc.), that contribute for more than the 80% of the global emission, confirming data of literature review. In HP1, the substitution of cement with other aggregates (i.e., Ash fly, recycled aggregates, etc.) reduce the global emission up to 30%; in HP2, the adoption of electric transportation increases the emission due to energy of 20% but guarantees a global reduction up to 10%; in the HP3, the introduction of PV allows to reduce GHG up to 10%. The combination of HP1+HP2+HP3 allows to reduce GHG up to 50%.
Title
Conclusions
A comparative LCA for the production of a typical concrete self-locking blocks for outdoor pavement (COP) has been presented, comparing the "traditional" production process (HP0) with greener ones (HP1-3) defined by the use of alternative GS able to reduce GHG emission (i.e., use of removable energy, use of alternative aggregates, use of green transport system).
The LCA highlighted the role of cement production as the main source of GHG production into the actual scenario (HP0), confirming literature data. Comparing the HP0 with HP1-3, the LCA has showed the general capability in reducing the GHG emission of the GS applied, confirming literature data. In particular, the comparison of improved scenarios (HP1-3) respect the base scenario (HP0), underlines a GHG emission reduction a reduction up to respectively of 30%, 10% and 10%, while the implementation of the all green strategies can improve the GHG reduction until the 50%.
The next research developments are to applied the methodology defined in this first part of the research to a real case study of a Lazio industry; to increase the level of detail of the LCA channels; to implement items and data that have not been considered to date to facilitate the initial analysis process; to analyze other environmental impacts, such as the effects of air pollution (e.g., acidification and health effects caused by particulates), toxicity, etc.
